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$EVWUDFW
7KH ,QWHUQHW LV XVHG E\PRUH WKDQ WZR ELOOLRQ FXVWRPHUV DURXQG WKHZRUOG DQG LV H[SHFWHG WR VHUYH DV D JOREDO SODWIRUP IRU
LQWHUFRQQHFWLQJ F\EHUSK\VLFDO REMHFWV WKDW IRUP WKH ,QWHUQHW RI 7KLQJV ,R7 :LWKLQ WKH QH[W GHFDGH WUDIILF GHPDQGV DUH
H[SHFWHG WR LQFUHDVH D WKRXVDQGIROG 7KLV FKDOOHQJH FDQ EH DGGUHVVHG E\ LQWURGXFLQJ DQG H[SDQGLQJ KHWHURJHQHRXVZLUHOHVV
WHFKQRORJLHV ZKLFK SURYLGH KLJKHU QHWZRUN FDSDFLW\ ZLGHU FRYHUDJH DQG KLJKHU TXDOLW\ RI VHUYLFH 4R6 +RZHYHU WKH
KHWHURJHQHLW\ DQG FRPSOH[LW\ RI WKHVH QHWZRUNV DUH D PDMRU FKDOOHQJH IRU WUDGLWLRQDO FRQWURO DQG PDQDJHPHQW V\VWHPV
7KHUHIRUHWKHUHLVDQHHGIRUVHOIPDQDJHDEOHDQGVHOIFRQILJXUDEOHQHWZRUNVWKDWVXSSRUWWKHGDWDSURGXFHGE\WKHGLIIHUHQW,R7
GHYLFHV DQG SURYLGH RSSRUWXQLWLHV IRU GDWD DQDO\WLFV ,Q WKLVZRUN D FRJQLWLYH QHWZRUN IUDPHZRUN LV SURSRVHG LQZKLFK WKH
QHWZRUN SURWRFRO VWDFN LV LQWHJUDWHGZLWK D VHPDQWLF V\VWHP 7KH SURSRVHG IUDPHZRUN SURYLGHV WKH EDVHV IRU EXLOGLQJ VPDUW
QHWZRUNV WKDWREVHUYHGDWDIURPGLIIHUHQW OD\HUV LQ WKHQHWZRUNSURWRFROVWDFNDQGUHSUHVHQWV LW LQDKLHUDUFKLFDOVWUXFWXUH LQD
NQRZOHGJHEDVH7KHIUDPHZRUNHPSOR\VDQRQWRORJ\WKDWSURYLGHVDQDEVWUDFWLRQPRGHOIRUWKHGLIIHUHQWKHWHURJHQHRXVZLUHOHVV
GHYLFHV7KHRQWRORJ\GHWHUPLQHVWKHUHODWLRQVKLSVEHWZHHQWHFKQRORJ\GHSHQGHQWSDUDPHWHUVLQWKHQHWZRUNSURWRFROVWDFNDQG
HQDEOHV WKURXJK WKHXVHRI LQIHUHQFHV WKHXWLOL]DWLRQRI WKHREVHUYHGGDWD IURP WKHQHWZRUN7KHXVHRI D FRJQLWLYHQHWZRUN
IUDPHZRUN ZLWK WKH QHWZRUN SURWRFRO VWDFN DOORZV DGGLQJ RQWRORJLHV WR GHVFULEH WKH GDWD D VROXWLRQ ZKLFK FRXOG VROYH WKH
SUREOHPRIDQDO\VLQJVHDUFKLQJRUYLVXDOLVLQJGDWD
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RI.(6,QWHUQDWLRQDO
Keywords:VHPDQWLFVRQWRORJLHVKHWHURJHQHRXVQHWZRUNVQH[WJHQHUDWLRQQHWZRUNV,R7
,QWURGXFWLRQ
,Q WKH DQQXDOGLJLWDO XQLYHUVH VWXG\ ,QWHUQDWLRQDO'DWD&RUSRUDWLRQ ,'& DQQRXQFHG WKDW LQ RQO\
RIGDWDSURGXFHGE\WKH,QWHUQHWZDVHOLJLEOHIRUDQDO\VLVWKHGDWDLVXVHIXOLILWLVFKDUDFWHULVHGRUWDJJHG>@
IXUWKHUPRUHRQO\RIWKLVHOLJLEOHGDWDDUHZHOOWDJJHGDQGFRXOGEHDQDO\VHG7KH,QWHUQHWRI7KLQJV,R7LVDQ
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H[WHQVLRQRIWKHH[LVWLQJ,QWHUQHWDUFKLWHFWXUHDQGVHUYHVDVDJOREDOSODWIRUPRILQWHUFRQQHFWHGSK\VLFDOREMHFWVRU
µWKLQJV¶ WR HQDEOH D QHZ ZD\ RI ZRUNLQJ LQWHUDFWLQJ DQG OLYLQJ ,R7 DSSOLFDWLRQV LQFOXGH PDQ\ ILHOGV VXFK DV
LQGXVWULDO DQG XUEDQ VHQVRU QHWZRUNV 7KH QXPEHU RI SK\VLFDO WKLQJV LQ WKH ZRUOG DOUHDG\ IDU RXWQXPEHUV WKH
QXPEHU RI SHRSOH 7KLV FUHDWHV QHZ FKDOOHQJHV LQ WHUPV RI LQWHJUDWLQJ ,R7 ZLWK WKH ,QWHUQHW DV WKH ,QWHUQHW
DUFKLWHFWXUHQHHGVWRVHUYHPXFKPRUHWUDIILFGXHWRWKHQHZGHPDQGVLQWURGXFHGE\WKHFRQQHFWHGSK\VLFDOWKLQJV
7KHLQWHJUDWLRQRIWKHSK\VLFDOZRUOGUHTXLUHVVHOIFRQILJXUHGQHWZRUNVLQZKLFKWKHSK\VLFDOGHYLFHVWDNHGHFLVLRQV
ZLWKRXWWKHDVVLVWDQFHRIKXPDQEHLQJV
:LUHOHVV FRPPXQLFDWLRQ SOD\V DQ HVVHQWLDO UROH LQ LQWHUFRQQHFWLQJ WKH SK\VLFDO HQWLWLHV DQG SURYLGHV DQ
LQIUDVWUXFWXUH IRU WKH IXWXUH RI WKH ,QWHUQHW+RZHYHUZLUHOHVV FRPPXQLFDWLRQ VXIIHUV IURP WKH ODFN RI DYDLODEOH
UDGLRVSHFWUXPOLPLWHGFDSDFLW\DQGLQWHUIHUHQFH'XULQJWKHSDVWIHZ\HDUVWKHWUDIILFGHPDQGVLQPRELOHZLUHOHVV
QHWZRUNV KDYH ZLWQHVVHG HQRUPRXV JURZWK GXH WR RQOLQH JDPHV YLGHR FRQIHUHQFHV DQG RQOLQH 79 ZKLFK ZLOO
RYHUORDGWKHFXUUHQWFDSDFLW\RIZLUHOHVVQHWZRUNV
,QRUGHUWRPHHWWKHPDVVLYHJURZWKLQWUDIILFGHPDQGVQHWZRUNRSHUDWRUVQHHGWRDGGPRUHZLUHOHVVQRGHVRU
SURYLGHQHZVSHFWUXPV8WLOL]LQJPRUHQRGHVZLWKPXOWLSOHKHWHURJHQHRXVZLUHOHVVWHFKQRORJLHVLVRIWKHPHDQVRI
SHUXVLQJ PRUH GHQVH QHWZRUNV DQG SURYLGLQJ PRUH VSHFWUXPV 2QH SURPLVLQJ ZLUHOHVV WHFKQRORJ\ LV ORQJ WHUP
HYROXWLRQ/7(>@ZKLFKLVDQHYROXWLRQRIWKH*VWDQGDUGDQGFRXOGSURYLGHDKLJKWUDQVPLVVLRQUDWHXSWR
0ESVZLWK DZLGH FRYHUDJH0DQ\PRELOH RSHUDWRUV DUH DGRSWLQJ /7( QHWZRUNV WR SURYLGH KLJKVSHHG ,QWHUQHW
VHUYLFHWRWKHLUFOLHQWV+RZHYHU/7(FRXOGVXIIHUIURPSRRUSHUIRUPDQFHDWWKHHGJHRIWKHFHOOVLQVLGHEXLOGLQJV
RULQFURZGHGDUHDVZKLFKFDXVHVKLJKXSOLQNWUDIILF$QRWKHUZLUHOHVVWHFKQRORJ\LVWKH,(((FRPPRQO\
NQRZQ DV:L)L >@ LW SURYLGHV ORZFRVW FRQYHQLHQW DQGKLJK WUDQVPLWWLQJ VSHHG WHFKQRORJ\:L)L KDV DOUHDG\
EHHQGHSOR\HG LQPDQ\KRWVSRWV LQFOXGLQJDLUSRUWV OLEUDULHVFRIIHHKRXVHVDQGKRWHOV&RPSDUHG WR/7(:L)L
XVHVXQOLFHQVHGIUHTXHQF\EDQGVZKLFKPHDQVLWLVQRWQHFHVVDU\WRSD\IRUEDQGZLGWKKRZHYHUWKLVDWWULEXWHDOVR
LQFUHDVHVWKHSRVVLELOLW\RILQWHUIHULQJZLWKRWKHUQHLJKERXULQJQHWZRUNV:L)LSURYLGHVEHWWHULQGRRUFRYHUDJHDQG
WKH FKLSVHWSULFH IRU:L)L LV GURSSLQJ FRQWLQXRXVO\PDNLQJ LW DQ HFRQRPLFDO QHWZRUNLQJRSWLRQZKLFK LV EHLQJ
LQFOXGHG LQ PRUH DQG PRUH GHYLFHV :L)L RIIHUV D GDWD UDWH XS WR  0ESV LQ WKH QHZ ,((DF DQG WKH
EDQGZLGWK LVGHYLFHWRGHYLFH WUDQVPLVVLRQ7KXV HDFKGHYLFHXWLOLVHV DOO WKHDYDLODEOHEDQGZLGWK WR WUDQVPLW WKH
LQFRPLQJ WUDIILFE\XVLQJFDUULHUVHQVHPXOWLSOHDFFHVVZLWKFROOLVLRQDYRLGDQFH&60$&$DVDPHGLXPDFFHVV
FRQWURO+RZHYHU:L)LQHWZRUNVVXIIHUIURPWKHODFNRIDYDLODEOHVSHFWUXPLQWHUIHUHQFHDQGFROOLVLRQ
,Q RUGHU WR IDFH WKH VXUJLQJ GDWD UHTXLUHPHQWV LW LV QHFHVVDU\ WR HIIHFWLYHO\ XWLOLVH WKH H[LVWLQJ ZLUHOHVV
WHFKQRORJ\VXFKDV/7(DQG:L)LWRSURYLGHJUHDWHUFDSDFLW\DQGEHWWHUVHUYLFHWRWKHHQGXVHU7KHKHWHURJHQHLW\
RIWKHZLUHOHVVWHFKQRORJLHVVWDQGDUGVDQGGDWDIRUPDWVPDNHWKHLQWHURSHUDELOLW\RIVXFKDFRPSOH[V\VWHPDYHU\
FKDOOHQJLQJ SUREOHP ,Q WKLV ZRUN D QHZ FRJQLWLYH IUDPHZRUN WR PRGHO WKH KHWHURJHQHRXV ZLUHOHVV QHWZRUN LV
SURSRVHG 7KH DLP RI WKH SURSRVHG FRJQLWLYH QHWZRUN LV WR SURYLGH D JHQHUDO IUDPHZRUN IRU WKH KHWHURJHQHRXV
ZLUHOHVV QHWZRUN WKDW LV HDVLO\ H[SDQGDEOH WR DGG QHZZLUHOHVV WHFKQRORJLHV DQG QHZ VHWV RI UXOHV WR UHXVH WKH
DYDLODEOHNQRZOHGJHLQRSWLPLVLQJWKHZLUHOHVVQHWZRUN7KHIUDPHZRUNHPSOR\VRQWRORJLHVWRSURYLGHDQDEVWUDFW
PRGHOIRUWKHFRPSRQHQWVRIKHWHURJHQHRXVQHWZRUNV,QDGGLWLRQDVHWRIUXOHVLVGHYHORSHGWREHXWLOLVHGE\WKH
LQIHUHQFHHQJLQH WRDOORZGLIIHUHQW W\SHVRI UHDVRQLQJRQ WKHNQRZOHGJHEDVH7KHSURSRVHG IUDPHZRUNHPSOR\V
RQWRORJ\ WR FUHDWH UHODWLRQV DPRQJ WKH WHFKQRORJ\GHSHQGDQW IHDWXUHV DQG WKHQ DQ LQIHUHQFH HQJLQH XWLOLVHV WKH
NQRZOHGJHWRLQIHUWKHDSSURSULDWHDFWLRQEDVHGRQDVHWRISUHGHILQHGUXOHV7KHFRJQLWLYHIUDPHZRUNLVFRQQHFWHG
ZLWK HDFK OD\HU LQ WKH WWUDQVPLVVLRQ &RQWURO 3URWRFRO,QWHUQHW 3URWRFRO 7&3,3 SURWRFRO VWDFN DQG REVHUYHV
SDUDPHWHUV IURP HDFK OD\HU 7KHUHIRUH LW LV SRVVLEOH WR GHVFULEH ORZOHYHO QHWZRUNV RSHUDWLRQV OLNH URXWHLQJ
PDQDJLQJ KHWHURJHQHRXV WUDQVPLVVLRQ WHFKQRORJ\ RU FKDUDFWHULVLQJ DSSOLFDWLRQ OD\HU GDWD 2QWRORJLHV HQDEOH
QHWZRUNV WR HQULFK DQG XQORFN GDWD WKURXJK H[SORULQJ WKH GLIIHUHQW UHODWLRQVKLSV EHWZHHQ GLIIHUHQW GDWD 7KH
SURSRVHGIUDPHZRUNKDVWKHSRWHQWLDOWREHH[WHQGHGIRUGHVFULELQJDQGVWRULQJWKHGDWDVXFKWKDWLWLVLQWHUSUHWDEOH
E\FRPSXWHULVHGPDFKLQHVE\XVLQJUHDVRQLQJV\VWHPRQWKHNQRZOHGJHEDVH
5HODWHG:RUN
7KLV VHFWLRQ UHYLHZV DGYDQFHG DSSURDFKHV WR HPSOR\LQJ RQWRORJLHV DQG NQRZOHGJH HQJLQHHULQJ LQ ZLUHOHVV
QHWZRUNV ,W ILUVW KLJKOLJKWV WKH XVH RI VHPDQWLF WHFKQRORJLHV DQG RQWRORJLHV LQ QHWZRUNLQJ DQG ZLUHOHVV
FRPPXQLFDWLRQ7KHQLWUHYLHZWKHPHWKRGVWRPDQDJHKHWHURJHQHRXVZLUHOHVVQHWZRUNV
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2QWRORJLHVDQGVHPDQWLFVKDYHPDQ\DSSOLFDWLRQVLQZLUHOHVVVHQVRUQHWZRUNV:61V7KHGDWDSURGXFHGE\WKH
:61VDUHHPSOR\HGWREXLOGRQWRORJLHV>@E\REVHUYLQJWKHYDOXHVIURPHDFKVHQVRUDQGEXLOGLQJRQWRORJ\WR
DVVLVWLQWKHURXWLQJSURWRFROWRVHOHFWWKHQH[WKRSWRWKHVLQNQRGH>@RUEXLOGLQJVHUYLFHRULHQWHGDUFKLWHFWXUH
RQWRORJLHVIRUVHUYLFHDGYHUWLVHPHQWDQGGLVFRYHU\>@2QHRI WKHPDMRUSUREOHPV LQ:61VLVSRZHUFRQWURO
VHPDQWLFZHEWHFKQRORJLHVDUHXWLOLVHGWRUHGXFHWKHDPRXQWRIFRQVXPHGSRZHULQVHQVRUQRGHVE\GHWHFWLQJLGOH
QRGHVDQGSXWWLQJWKHPLQVOHHSPRGH>@2QWRORJLHVDUHDOVRHPSOR\HGLQPDQDJLQJURDPLQJDPRQJGLIIHUHQW
QHWZRUNV WR VROYH WKH SUREOHP RI FUHDWLQJ VHUYLFHOHYHO DJUHHPHQW DPRQJ GLIIHUHQW QHWZRUN RSHUDWRUV >@ 7KH
ZRUN UHYLHZHG IRFXVHV RQ HPSOR\LQJ WKH VHUYLFH SURYLGHG E\ WKH QHWZRUN WR FUHDWH WKH RQWRORJ\ DQG XVH LW WR
LPSURYH QHWZRUN SHUIRUPDQFH 7KH ZRUN SURSRVHG LQ WKLV SDSHU KRZHYHU GHYHORSV D QHZ FRJQLWLYH QHWZRUN
IUDPHZRUNWRPRGHOHDFKFRPSRQHQWLQDKHWHURJHQHRXVQHWZRUNHQYLURQPHQWDQGFUHDWHDQRQWRORJ\VWUXFWXUHRI
WKH DWWULEXWH LQ HDFK WUDQVPLVVLRQ WHFKQRORJ\ WKDW IRUPV WKH QHWZRUN 7KHQ D VHW RI SURSHUWLHV DQG UHODWLRQVKLSV
DPRQJ KHWHURJHQHRXV QHWZRUN FRPSRQHQWV LV IRUPHG LQ RUGHU WR SURYLGH D JHQHUDO DEVWUDFW PRGHO IRU WKH
KHWHURJHQHRXVZLUHOHVVQHWZRUN
7KHUHODWHGZRUNUHYLHZHGDOVRGHPRQVWUDWHVWKHEHQHILWRIXVLQJKHWHURJHQHRXVZLUHOHVVQHWZRUNVDQGWKHVWDWH
RI WKH DUW QHWZRUNV2QH RI WKH NH\ UHTXLUHPHQWV IRU WKH * QHWZRUN LV WKH XVH RI GLIIHUHQW WHFKQRORJLHV LQ WKH
QHWZRUNSDUWLFXODUO\/7(DQGZLUHOHVV ORFDO DUHDQHWZRUN :/$1 DQG VROXWLRQVKDYH WRZRUNRXWZKHWKHU WKH
ZLUHOHVVGHYLFHVDUHORFDWHGRQWKHVDPHQRGHRUQRW>@6RPHKHWHURJHQHRXVQHWZRUNVKDYHHPSOR\HGEURDGEDQG
QHWZRUNV VXFK DV FHOOXODU/7(RU:L0$;ZLWK:L)L:/$12QH DSSURDFK LV IRU WKH:L)L DFFHVV SRLQWV WR
XWLOLVH WKH /7( QHWZRUN DV D EDFNERQH WR DFFHVV WKH ,QWHUQHW >@ $ VHFRQG DSSURDFK LV WR HPSOR\ WKH:L)L
QHWZRUN IRU LQGRRU FRPPXQLFDWLRQ DQG WKH /7( QHWZRUN IRU RXWGRRU FRPPXQLFDWLRQ > @ )XUWKHU ZRUN RQ
KHWHURJHQHRXVQHWZRUNVLVSUHVHQWHGLQ>@ZKHUHDORDGEDODQFLQJQRGHLVHPSOR\HGWRGLVWULEXWHWKHORDGRQWZR
GLIIHUHQWQHWZRUNV)LQDOO\DKHWHURJHQHRXVQHWZRUN¶V:L0$;:L)LPDQDJHPHQWV\VWHPLVGHYHORSHGLQZKLFK
WKH:L)LQHWZRUNLVHPSOR\HGWRRIIORDGWKH:L0$;QHWZRUNWKDWSURYLGHVZLGHUFRYHUDJH>DQG@7KH
ZRUNLQ>@SURSRVHVDPDQDJHPHQWV\VWHPWKDWPDQDJHVWKH:L0$;QHWZRUNDQGFROOHFWVVWDWLVWLFVDERXWWKH:L
)LQHWZRUN,Q>@ WKH:L0$;QHWZRUNFRQWUROV WKHEDQGZLGWKUHTXHVWFRQILUPDWLRQIRU WKH:L)LQHWZRUNDQG
HOLPLQDWHVWKHQHHGWRVHQGFRQWUROPHVVDJHVWKURXJK:L)LQHWZRUNV
+HWHURJHQHRXV DG KRF QHWZRUNV DUH DQRWKHU W\SH RI KHWHURJHQHRXV QHWZRUNV WKDW FRPELQH GLIIHUHQW ZLUHOHVV
PHGLXP DFFHVV FRQWURO 0$& VXFK DV ,((( =LJ%HH DQG ,3Y RYHU ORZSRZHUZLUHOHVV SHUVRQDO DUHD
QHWZRUNV /R:3$1 %OXHWRRWK ORZ HQHUJ\ /( DQG >@,(((  EDVHG WHFKQRORJLHV DQG
%OXHWRRWK /( DUH XWLOL]HG WR FUHDWH SHUVRQDO DUHD QHWZRUNV IRU QRGHV ZLWK OLPLWHG SRZHU VXSSOLHV DQG VLPSOH
SURFHVVRUV DV WKHVH WHFKQRORJLHV SURYLGH ORZUDWH DQG ORZSRZHU WUDQVPLVVLRQ 7KH ,(((  SURYLGHV WKH
EDFNKDXOIRUVHQVRUQHWZRUNVWRSURSDJDWHGDWDWRWKH,QWHUQHW
7KHXVHRIKHWHURJHQHRXVZLUHOHVVWHFKQRORJLHVLQQH[WJHQHUDWLRQQHWZRUNVLPSURYHVWKHRYHUDOOSHUIRUPDQFHRI
WKHQHWZRUNE\SURYLGLQJPRUHVSHFWUXPVDQGVSOLWWLQJ WKH ORDGRQGLIIHUHQWQHWZRUNV>@(DFK WUDQVPLVVLRQ
WHFKQRORJ\XWLOLVHVGLIIHUHQWVWDQGDUGVDQGGDWDIRUPDWVWKHUHIRUHHPSOR\LQJGLIIHUHQWZLUHOHVVWHFKQRORJLHVLQRQH
QHWZRUNLVDYHU\FKDOOHQJLQJSUREOHP7KXVQHWZRUNVQHHGWREHVHOIFRQILJXUDEOHDQGLQWHOOLJHQW WRPDQDJHWKH
KHWHURJHQHLW\LQGLIIHUHQWZLUHOHVVWHFKQRORJ\WRGHDOZLWKDGGLQJQHZWUDQVPLVVLRQGHYLFHV7KHSURSRVHGFRJQLWLYH
QHWZRUN IUDPHZRUN FRPELQHV NQRZOHGJH HQJLQHHULQJ DQG DUWLILFLDO LQWHOOLJHQFH $, WHFKQLTXHV WR UHSUHVHQW
LQWHJUDWH DQG UHDVRQ XSRQ WKH IHDWXUHV RI HDFK QHWZRUN GHYLFH WR DXWRPDWLFDOO\PDQDJH WKH KHWHURJHQHRXV QRGH
VXFKDV VHOHFWLQJ WKH WUDQVPLVVLRQ WHFKQRORJ\7KH IUDPHZRUN LQFOXGHV WKUHHSDUWV WKHNQRZOHGJHEDVHZKLFK
IRUPVDKLHUDUFKLFDOUHSUHVHQWDWLRQRIWKHQHWZRUNDQGWKHUHODWLRQVKLSDPRQJHDFKWUDQVPLVVLRQGHYLFHWKHVHWRI
UHODWLRQVKLSVDPRQJWKHSDUDPHWHUVRIHDFKWUDQVPLVVLRQGHYLFHDQGWKHLQIHUHQFHHQJLQHZKLFKLVUHSUHVHQWHGE\
DVHWRIUXOHVWRUHDVRQXSRQWKHUHODWLRQVKLSVGHILQHGLQWKHNQRZOHGJHEDVH
6\VWHP0RGHO
7KLVVHFWLRQLQWURGXFHVWKHQHWZRUNPRGHOIRUWKHKHWHURJHQHRXVQHWZRUN7KHQHWZRUNHPSOR\VWKHIROORZLQJ
W\SHVRIQRGHVWKHQHWZRUNQRGHV1HWB1RGHVWKHXVHUQRGHV8VHUB1RGHVPHVKJDWHZD\PHVK*:VDQG/7(
EDVHVWDWLRQH1%)LJVKRZVDQH[DPSOHRIWKHQHWZRUNPRGHOIRUWKHKHWHURJHQHRXVQHWZRUN7KH1HWB1RGHV
DUHVSHFLDOLVHGQRGHVWKDWIRUPWKHLQIUDVWUXFWXUHIRUWKHKHWHURJHQHRXVQHWZRUNV(DFK1HWB1RGHLVHTXLSSHGZLWK
PXOWLSOHZLUHOHVV WHFKQRORJLHV LQFOXGLQJ/7(DQG:L)L7KH1HWB1RGHVXWLOLVH WKHEURDGEDQG WHFKQRORJLHV OLNH
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/7( WR SURYLGH D RQHKRS URXWH WR WKH ,QWHUQHW ZKLOH D:L)L GHYLFH LV HPSOR\HG WR IRUP D :01 ZKLFK LV
FRQQHFWHGWRPHVK*:VWRSURYLGH,QWHUQHWWRWKHXVHUV7KHPHVK*:VDUHDVHWRIQRGHVWKDWDUHHTXLSSHGZLWKD
:L)L GHYLFH DQG KLJKVSHHG FRQQHFWLRQ WR WKH ,QWHUQHW XVXDOO\ D ZLUH FRQQHFWLRQ 7KH ODVW SDUW RI WKH
KHWHURJHQHRXV QHWZRUN LV WKH 8VHUB1RGHV 7KLV VHW RI QRGHV FRXOG LQFOXGH VPDUW SKRQHV ODSWRSV RU DQ\ RWKHU
FRPSXWHULVHG GHYLFHV WKDW WKH XVHUV XWLOLVH WR UHTXHVW VHUYLFH IURP WKH ,QWHUQHW RU LQWHUQDOO\ IURP WKH QHWZRUN
$QRWKHUW\SHRI8VHUB1RGHVLVDVHWRIREMHFWVZLWKHPEHGGHGWHFKQRORJLHVWRLQWHUDFWZLWKWKHLQWHUQDOVWDWHVRUWKH
H[WHUQDO HQYLURQPHQW 7KHVH REMHFWV IRUP ZKDW LV NQRZQ DV WKH ,QWHUQHW RI 7KLQJV ,R7 8VHU1RGHV FRXOG EH
HTXLSSHGZLWKRQHRUPRUHRIWKHWUDQVPLVVLRQWHFKQRORJLHV7KHFRJQLWLYHQHWZRUNIUDPHZRUNXWLOLVHVRQWRORJLHVWR
EXLOG D KLHUDUFKLFDO VWUXFWXUH IRU HDFK WUDQVPLVVLRQ WHFKQRORJ\ DQG IRUP UHODWLRQVKLSV DPRQJ WKH KHWHURJHQHRXV
ZLUHOHVV SDUDPHWHUV ([WHQVLEOH PDUNXS ODQJXDJH ;0/ LV HPSOR\HG WR EXLOG WKH RQWRORJLHV IRU WKH VHPDQWLF
IUDPHZRUN7KHSURSRVHGIUDPHZRUNXWLOLVHV;0/LQVWHDGRIVWDQGDUGRQWRORJLHVODQJXDJHVVXFKDVRQWRORJ\ZHE
ODQJXDJH2:/>@UHVRXUFHGHVFULSWLRQIUDPHZRUN5')RU5')VFKHPD>@IRUWZRUHDVRQV)LUVWO\;0/LV
SODWIRUPLQGHSHQGHQWZKLFKPHDQVLWFRXOGEHGHSOR\HGRQDQ\VPDUWSKRQHVSHUVRQDOFRPSXWHUVRUFRPSXWHULVHG
REMHFWV 6HFRQGO\ WKH SURSRVHG VHPDQWLF IUDPHZRUN GRHV QRW QHHG WR LPSOHPHQW DOO WKH IXQFWLRQDOLW\ WKDW LV
LPSOHPHQWHG LQ2:/RU5')ZKLFKFRXOGH[KDXVWZLUHOHVVQRGHUHVRXUFHVHVSHFLDOO\QRGHVZLWK OLPLWHGSRZHU
DQGSURFHVVLQJFDSDELOLWLHV


)LJ+HWHURJHQHRXVPHVKQHWZRUN
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&RJQLWLYH1HWZRUN)UDPHZRUN
,Q WKLV ZRUN D FRJQLWLYH QHWZRUN IUDPHZRUN LV SURSRVHG WR SURYLGH D KLHUDUFKLFDO UHSUHVHQWDWLRQ RI WKH
KHWHURJHQHRXVPHVKQHWZRUN7KHIUDPHZRUNXWLOLVHVFURVVOD\HULQIRUPDWLRQIRUHDFKWUDQVPLVVLRQGHYLFHLQVWDOOHG
RQWKHZLUHOHVVQRGHDQGFUHDWHVDVHWRIUHODWLRQVKLSVEHWZHHQWKHVHSDUDPHWHUV)LJXUHVKRZVWKHEORFNGLDJUDP
RIWKHSURSRVHGFRJQLWLYHQHWZRUNIUDPHZRUNDQGKRZLWLQWHUDFWVZLWKWKHGLIIHUHQWOD\HUVRIWKHQHWZRUNSURWRFRO
VWDFN 7KH VHPDQWLF V\VWHP FRQVLVWV RI IRXU SDUWV WKH PDQDJHPHQW WKH KHWHURJHQHRXV QHWZRUN RQWRORJ\ WKH
NQRZOHGJHEDVHDQGLQIHUHQFHHQJLQH7KHZD\WKHVHPDQWLFV\VWHPFRQQHFWVZLWKWKHSURWRFROOD\HUVDOORZVDGGLQJ
RU H[WHQGLQJ WKH RQWRORJLHV WR UHSUHVHQW PRUH DSSOLFDWLRQOHYHO GDWD ,Q WKLV ZRUN WKH GHYHORSHG RQWRORJLHV
UHSUHVHQWWKHORZOHYHOLQIRUPDWLRQRIHDFKWUDQVPLVVLRQGHYLFHLQVWDOOHGLQHDFKQRGH7KLVLQIRUPDWLRQLVXWLOLVHG
WRIRUZDUGSDFNHWVIURPWKH8VHUB1RGHVWRWKH,QWHUQHWDQGYLFHYHUVD

7KHILUVWSDUWRIWKHSURSRVHGIUDPHZRUNLVWKHPDQDJHPHQWV\VWHPZKLFKUHFHLYHVGDWDIURPPXOWLSOHOD\HUVLQ
WKHQHWZRUNSURWRFRO VWDFN WKHQFUHDWHV LQVWDQFHVRI WKHKHWHURJHQHRXVQHWZRUNRQWRORJ\ LQ WKHNQRZOHGJHEDVH
7KHPDQDJHPHQW V\VWHP FRQVLVWV RI IRXU VXEV\VWHPV DV VKRZQ LQ)LJXUH  7KH LQWHUIDFH VXEV\VWHP SURYLGHV D
VKDUHGERXQGDU\EHWZHHQWKHQHWZRUNSURWRFROVWDFNVDQGWKHRQWRORJ\V\VWHP,WLVUHVSRQVLEOHWRGHWHFWWKHW\SHRI
QHWZRUNGHYLFHV LQVWDOOHGRQ WKHQRGHDQG WRREVHUYH OLQNTXDOLW\FKDUDFWHULVWLFV IRUHDFKGHYLFH ,W DOVR UHFHLYHV
LQIRUPDWLRQDERXWWKHQHLJKERXULQJQRGHVDQGGHFODUHVZKHWKHURUQRWWKHQRGHLVSDUWRIWKHQHWZRUNLQIUDVWUXFWXUH
1HWB1RGHRU8VHUB1RGH7KH VHFRQGSDUW LV WKH VHUYLFH W\SH VXEV\VWHPZKLFKGHILQHV WKH W\SHRI VHUYLFH WKH
FOLHQWVUHTXHVWIURPWKHQHWZRUNVXFKDVDFFHVVLQJWKH,QWHUQHWRUFRQQHFWLQJVHQVLQJREMHFWVDVDSDUWRIWKH,R7
7KLVSDUWPDNHVLWSRVVLEOHWRH[WHQGWKHIUDPHZRUNWRGHVFULEHWKHVHUYLFHVRIWKHQHWZRUNDQGSURYLGHPHWDGDWDIRU
DQDO\VLQJ QHWZRUN GDWD7KLUGO\ WKH ELOOLQJ VXEV\VWHP FDOFXODWHV WKH FRVW DQG WKH GLVFRXQWV IRU HDFK8VHUB1RGH
EDVHGRQWKHUHTXHVWHGVHUYLFH7KHODVWVXEV\VWHPGHILQHVWKHPHWKRGWRDFFHVVWKHVHUYLFHVWKDWWKHKHWHURJHQHRXV
QHWZRUN SURYLGHV 6HUYLFHRULHQWHG DUFKLWHFWXUH LV XWLOLVHG WR DFFHVV WKH VHUYLFHV SURYLGHG E\ WKH QHWZRUNPRUH
VSHFLILFDOO\VLPSOHREMHFWDFFHVVSURWRFRO62$3>@LVHPSOR\HGDVDZHEVHUYLFHWRDFFHVVWKHVHUYLFHVIURPWKH
XSSHUOD\HU62$3XWLOLVHV;0/WRH[FKDQJHPHVVDJHVEHWZHHQFOLHQWVDQGVHUYHUV,WLVWKXVSODWIRUPLQGHSHQGHQW
CognitiveNetworkFramework
SemanticSystem$SSOLFDWLRQ/D\HU
7&38'3/D\HU
1HWZRUN/D\HU
0$& 0$& 0$&1
0DQDJHPHQW
2QWRORJ\
.QRZOHGJH%DVH
,QVWDQFHV
,QIHUHQFH(QJLQH
+HWHURJHQHRXV
1HWZRUN2QWRORJ\
&RJQLWLYH1HWZRUN)UDPHZRUN
6HPDQWLF 6\VWHP

)LJ&RJQLWLYHQHWZRUNIUDPHZRUN
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ZKLFKVROYHVWKHSODWIRUPKHWHURJHQHLW\RIWKHGHYLFHVDFFHVVLQJWKHQHWZRUN
,R7 QHWZRUNV HPSOR\ VHQVRU QRGHV ZLWK OLPLWHG SRZHU VXSSOLHV DQG VLPSOH SURFHVVRUV 7R FRQWURO WKH
FRPPXQLFDWLRQ DPRQJ WKHVH FRQVWUDLQHG ZLUHOHVV QRGHV VRPH PHFKDQLVPV DUH QHHGHG IRU PDQDJLQJ PHVVDJHV
H[FKDQJH 0DFKLQHWRPDFKLQH,QWHUQHWRI7KLQJV0477>@DQGFRQVWUDLQHGDSSOLFDWLRQSURWRFRO&R$3>@
DUHSURPLVLQJPHFKDQLVPVIRUFRQWUROOLQJFRPPXQLFDWLRQLQ,R7VHQVRUQHWZRUNV0477LVDFOLHQWVHUYHUPRGHO
RULJLQDOO\ GHYHORSHG E\ ,%0 IRU OLJKWZHLJKWPDFKLQH WRPDFKLQH FRPPXQLFDWLRQ&R$3 LV D GRFXPHQW WUDQVIHU
SURWRFRO VLPLODU WR K\SHUWH[W WUDQVIHU SURWRFRO +773 GHVLJQHG VSHFLILFDOO\ IRU GHYLFHV ZLWK OLPLWHG UHVRXUFHV
ZKLFKHPSOR\VPXFKVPDOOHUSDFNHWVFRPSDUHGWR+773
,R7SUR[\ LVQHHGHG WREULGJHGDWD IURP WKH ,R7VHQVRUQHWZRUNV WR WKHZHE VHUYLFH WKLV LVEHFDXVHRIXVLQJ
&R$3SURWRFRO WRPDQDJHGDWDH[FKDQJLQJIRUVHQVRUQRGHVZLWKOLPLWHGUHVRXUFHV7KHUHDVRQRIXVLQJ&R$SLQ
,R7QHWZRUN LV WKDW&R$3FDXVHV OHVVRYHUKHDG WKDQ+773SURWRFROE\XVLQJVPDOOHUSDFNHW VL]HDQGHPSOR\LQJ
XVHUGDWDJUDPSURWRFRO8'3&R$3LVGHVLJQHGWRHDVLO\EULGJHWR+773SURWRFRODQGLWVLPSOLILHVWKHLQWHJUDWLRQ
ZLWKWKHVHUYLFHRULHQWHGDUFKLWHFWXUHSURSRVHGLQWKLVZRUN>@
7KHVHFRQGSDUWRIWKHSURSRVHGIUDPHZRUNLVWKHKHWHURJHQHRXVQHWZRUNRQWRORJ\$VGHILQHGLQ>@RQWRORJ\
LV µD VSHFLILFDWLRQ RI D UHSUHVHQWDWLRQDO YRFDEXODU\ IRU D VKDUHG GRPDLQ RI GLVFRXUVH¶ ,W SURYLGHV D IRUPDO
UHSUHVHQWDWLRQRI W\SHSURSHUWLHV DQG UHODWLRQVKLSVDPRQJGDWD LQDJLYHQGRPDLQ ,Q WKLVSDUWRI WKH IUDPHZRUN
FRQFHSWXDOUHSUHVHQWDWLRQVRIHDFKGHYLFHDQGVHUYLFHVDUHGHILQHG7KHRQWRORJLHVGHILQHDVHWRIFODVVHVVXEFODVVHV
DQGUHODWLRQVKLSV7KHVHFODVVHVDQGUHODWLRQVKLSVGRQRWQHHGWKHH[SUHVVLYHQHVVRIRQWRORJ\ODQJXDJHVOLNH2:/
EXWFDQLQVWHDGEHGHILQHGXVLQJVLPSOHUH[SUHVVLRQLQ;0/ODQJXDJH;0/LVPDFKLQHUHDGDEOHDQGFRXOGGHSOR\
GLUHFWO\ RQ DQ\SODWIRUP)LJXUHV  DQG VKRZH[DPSOHV RI WKH KLHUDUFKLFDO UHSUHVHQWDWLRQRI WKHKHWHURJHQHRXV
QHWZRUNXVLQJRQWRORJLHVFODVVHVVXEFODVVHVDQGSURSHUWLHV7KHRQWRORJLHVGHILQHG LQ WKLVZRUNDUHHPSOR\HG WR
GHVFULEHWKHKHWHURJHQHRXVQRGHVLQWHUPVRIWKHLQVWDOOHGKDUGZDUHDQGGHILQHOLQNTXDOLW\FKDUDFWHULVWLFV
7KHQH[WSDUWRIWKHIUDPHZRUNLVWKHNQRZOHGJHEDVH,WUHSUHVHQWVWKHLQVWDQFHVRIWKHRQWRORJ\WKDWGHVFULEHWKH
KHWHURJHQHRXVQHWZRUN:KHQWKHQHWZRUNVWDUWVH[FKDQJLQJGDWDDQGFRQWUROSDFNHWVWKHLQWHUIDFHVXEV\VWHPLQWKH
PDQDJHPHQW V\VWHPREVHUYHV WKH SDUDPHWHUV RI HDFKGHYLFH LQVWDOOHG RQ WKH QRGH H[WUDFWV LQIRUPDWLRQ IURP WKH
FRQWUROPHVVDJHVDQGFUHDWHVDQ LQVWDQFHRI WKHRQWRORJ\ LQ WKHNQRZOHGJHEDVH7KH LQIRUPDWLRQ WKDW HDFKQRGH
VWRUHV LQ WKH NQRZOHGJH EDVH LQFOXGHV WKH W\SH RI HDFK GHYLFH WKH ,3 DQG SK\VLFDO DGGUHVV RI HDFK GHYLFH DQG
TXDOLW\ FKDUDFWHULVWLFV DERXW HDFK GHYLFH VXFK DV WUDQVPLVVLRQ SRZHU WUDQVPLVVLRQ UDWH DQG ORDG RQ WKH GHYLFH
)LJXUHVKRZVDQH[FHUSWRIWKH;0/IRUWKHKHWHURJHQHRXVQHWZRUNIRUWKHRQWRORJ\DQGWKHNQRZOHGJHEDVH7KH
VHUYLFHVXEV\VWHPLVUHVSRQVLEOHIRUFUHDWLQJWKHLQVWDQFHRINQRZOHGJHEDVHIRUWKHRQWRORJLHVWKDWGHVFULEHVRPH
VHUYLFHVRIWKHQHWZRUN7KLVSDUWSURYLGHVWKHH[WHQGLELOLW\IRUWKHIUDPHZRUNWRGHVFULEHWKHGDWDRIWKHQHWZRUN
DQGDOVRSURYLGHVWKHQHFHVVDU\WDJVWRWKHGDWDIRUIXUWKHUDQDO\VHVLQWKH,R7DSSOLFDWLRQV
7KH ODVWSDUWRI WKH VHPDQWLF IUDPHZRUN LV WKH LQIHUHQFHHQJLQH ,Q WKLVSDUW D VHWRI UXOHV LVGHILQHGDQG WKH
LQIHUHQFHHQJLQHXWLOLVHVWKHVHUXOHVLQFRQMXQFWLRQZLWKWKHUHODWLRQVKLSVGHILQHGLQWKHRQWRORJ\DQGWKHGDWDLQWKH
NQRZOHGJHEDVH WR LQIHU WKHQH[W DFWLRQ LQ WKH QHWZRUNEDVHGRQ WKH VWDWH RI WKHKHWHURJHQHRXVQHWZRUN DQG WKH
UHTXHVWHGVHUYLFH7KHUXOHVGHILQHGLQWKLVZRUNDUHHPSOR\HGLQVHOHFWLQJWKHWUDQVPLVVLRQGHYLFHWRRIIORDG/7(
QHWZRUNZKHQWKHFHOOLVFRQJHVWHG

0DQDJHPHQW6\VWHP
,QWHUIDFH 6HUYLFH7\SH %LOOLQJ
&RPPXQLFDWL
RQ6HUYLFH
,R7 3UR[\
VHUYHU

)LJ0DQDJHPHQWV\VWHPEORFNGLDJUDP
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1HW
1RGH
6XEFODVVRI
+HW /7( :L),
6XEFODVVRI 6XEFODVVRI
'RPDLQ
6WULQJ
5DQJH
'RPDLQ
1HW1RGH
5DQJH
8VHU1ERGH
KDV7\SH 6WDWXV

)LJ2QWRORJ\JUDSKRIKHWHURJHQHRXVZLUHOHVVQHWZRUN

Device
WiFi
hasPhysicalAdd hasIP
hasDevice
Range
PhysicalAdd
Domain
Type
Range
IpAdd
Range
WiFiDev
Range
Domain
Domain
hasQoS
WiFiQoS
Range
has_Neighbour
Domain Domain
Node
Range

)LJ2QWRORJ\JUDSKRI:L)LGHYLFH
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1HWZRUN6LPXODWLRQDQG.QRZOHGJH%DVH,QLWLDOLVDWLRQ
,QWKLVVHFWLRQWKHFRJQLWLYHIUDPHZRUNLVHYDOXDWHGXVLQJWKH16VLPXODWRU>@ZKLFKLVDZLGHO\XVHGWRRO
IRU HYDOXDWLQJ DQG YDOLGDWLQJZLUHOHVV QHWZRUNV$QHWZRUN VFHQDULR FRQVLVWV RI DQ/7( H1%QRGH  QRGHV RI
1HWB1RGHVZLWK/7(DQG:L)LWUDQVPLVVLRQWHFKQRORJ\LQVWDOOHGRQHDFKQRGHDQG8VHU1RGHVZLWK/7(DQG
:L)LLQVWDOOHGRQHDFKQRGH7KHQHWZRUNVWDUWVE\FUHDWLQJDQLQVWDQFHRIWKHNQRZOHGJHEDVHIRUHDFKQRGHDQG
WKHQDFRQWUROPHVVDJHLVVHQWYLD/7(WUDQVPLVVLRQWHFKQRORJ\WRHDFKQRGHWRFUHDWHDQGXSGDWHWKHQRGHVLQVWDQFH
LQWKHNQRZOHGJHEDVH7KHIORZFKDUWRIFUHDWLQJWKHNQRZOHGJHEDVHLQHDFKQRGHLVVKRZQLQ)LJXUH)LUVWO\WKH
PDQDJHPHQW V\VWHP LQ WKH VHPDQWLF V\VWHP HPSOR\V WKH LQWHUIDFH V\VWHP WR GHWHFW WKH QRGH W\SH 1HWB1RGH RU
8VHUB1RGHDQGWKHZLUHOHVVGHYLFHVLQVWDOOHGRQWKHQRGH7KLVLQIRUPDWLRQLVSLJJ\EDFNHGRQDKHOORPHVVDJHDQG
WKHQHDFKQRGHSHULRGLFDOO\WUDQVPLWVWKHPHVVDJHWRWKHQHLJKERXULQJQRGHV,QWKH/7(QHWZRUNWKHEDVHVWDWLRQLV
RQHKRSDZD\IURPDOOQRGHVLQLWVFHOOFRYHUDJH(DFKQRGHVKDUHVWKHLQIRUPDWLRQRILWVQHLJKERXULQJQRGHVZLWK
LWV QHLJKERXUV 7KLV UHVXOWV LQ FUHDWLQJ D NQRZOHGJH EDVH LQ HDFK QRGH WKDW FRQWDLQV LQIRUPDWLRQ DERXW LWV
QHLJKERXULQJQRGHV7KLVLQIRUPDWLRQLVXWLOLVHGLQGHYHORSLQJDVHWRIUXOHVWRFUHDWHDURXWLQJDOJRULWKPWRIRUZDUG
WKHSDFNHWVIURPHDFKVRXUFHWRWKH,QWHUQHW
D

E

)LJ;0/H[FHUSWRIDIRUWKHKHWHURJHQHRXVQHWZRUNDQGELQVWDQFHRIWKHNQRZOHGJHEDVH
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6WDUW
6HQGKHOORPHVVDJHIURPHDFKZLUHOHVVGHYLFHWRWKH
QHLJKERXULQJQRGHV
5HFHLYHKHOORPHVVDJHIURPQHLJKERXULQJQRGHV
&UHDWHLQVWDQFHRIHDFKQHLJKERXULQJQRGHLQWKH
NQRZOHGJHEDVH
(DFKQRGHVKDUHLWQHLJKERXULQJQRGHVLQIRUPDWLRQ
ZLWKLWVQHLJKERXUV
(QG
,QLWLDOLVHQRGHNQRZOHGJHEDVHDQGGHWHFWWKH
LQVWDOOHGZLUHOHVVGHYLFHRQWKHQRGH

)LJ)ORZFKDUWRIFUHDWLQJNQRZOHGJHEDVHLQVWDQFHLQ
ZLUHOHVVQRGH

)LJ7KHSDFNHWORVVUDWLR
7KHRQWRORJ\LVXWLOLVHGLQWKLVSDSHUWRGHYHORSDVHWRIUXOHVWRGHPRQVWUDWHKRZWRHPSOR\WKHNQRZOHGJHEDVHLQ
RIIORDGLQJ WKH FRQJHVWHG /7( QHWZRUN XVLQJ WKH:01 7KH 8VHU 1RGHV VWDUW WUDQVPLWWLQJ DW WKH EHJLQQLQJ RI
VLPXODWLRQ DQG WKH VROH GHVWLQDWLRQ LV WKH ,QWHUQHW 7KH QXPEHU RI WUDQVPLVVLRQ QRGHV LV  WKH WUDIILF W\SH LV
FRQVWDQW ELW UDWH &%5 SDFNHW JHQHUDWLRQ UDWH YDULHV EHWZHHQ  0ESV DQG SDFNHW VL]H LV  E\WH 7KH
LQIHUHQFHHQJLQHILUVWO\JHQHUDWHVDOLVWRIWKHQHLJKERXULQJ1HWB1RGHDQGLIWKHORDGRQ/7(GHYLFHLVKLJKWKHQRGH
VWDUWV WR IRUZDUG WKH WUDIILF GHPDQG WR WKH QRGH ZLWK WKH VKRUWHVW SDWK WR WKH 0HVK*Z 7KH VLPXODWLRQ UHVXOWV
LQGLFDWHRIUHGXFLQJLQWKHQXPEHURISDFNHWORVVZKHQWKHRQWRORJ\UXOHVDUHXWLOLVHGWRRIIORDG/7(QHWZRUNORDG
DVVKRZQLQ)LJ([DPSOHRIWKHUXOHVHWDVVRFLDWHGZLWKVHOHFWLQJRI1HWB1RGHWRRIIORDG/7(QHWZRUNLVVKRZQ
LQEHORZ
Rule: Select the Net_Node  
If User_Node(ID) has_Neighbour(Net_Node) and User_Node LTE_load(high)  
Then select Net_Node(shortest path).  
7KHUHVXOWVLQ)LJVKRZVKRZWKH/7(QHWZRUNRQWR/7(UHGXFHWKHSHUFHQWDJHRIHUURUORVVUDWLRFRPSDUHG
WRWKH/7(QHWZRUNZLWKQRRIIORDGLQJVWUDWHJ\
,QWURGXFLQJRQWRORJLHVHQDEOHVWKHGHYHORSPHQWRIGLIIHUHQWDOJRULWKPVXVLQJWKHVDPHNQRZOHGJHEDVHWKURXJK
WKH XVH RI GLIIHUHQW UXOHV 0RUHRYHU WKH XVHV RI RQWRORJLHV HQDEOH WKH QHWZRUNV WR GHVFULEH WKH GDWD DQG DGG
UHODWLRQVKLSVZLWKRWKHUVHUYLFHVZKLFKZLOOKHOSLQXVLQJWKHVHGDWDLQERWKWKH,R7DQGLQELJGDWDSURMHFWV
&RQFOXVLRQ
7KLV SDSHU LQWURGXFHV D QHZ FRJQLWLYH QHWZRUN IUDPHZRUN WKDW ZRUNV DV DQ DGDSWRU WR KHWHURJHQHRXV
WUDQVPLVVLRQWHFKQRORJ\,WIDFLOLWDWHVLQWHJUDWLRQDPRQJGLIIHUHQWZLUHOHVVDQGZLUHGWUDQVPLVVLRQWHFKQRORJLHVE\
FUHDWLQJDUHODWLRQVKLSDPRQJWHFKQRORJ\GHSHQGHQWSDUDPHWHUVDQGVWRULQJ WKHPLQDQRQWRORJ\NQRZOHGJHEDVH
7KHSURSRVHGIUDPHZRUNFRXOGEHXVHGWRGHYHORSGLIIHUHQWVHUYLFHVWKURXJKWKHXVHRILQIHUHQFHHQJLQHE\DGGLQJ
QHZUXOHVIRUUHDVRQLQJXVLQJWKHNQRZOHGJHEDVH)LQDOO\DVHWRIFRQWUROVPHVVDJHVDUHGHVLJQHGWRH[FKDQJHWKH
UHTXLUHG LQIRUPDWLRQ WR FUHDWH WKH NQRZOHGJH EDVH LQVWDQFH RQ HDFK KHWHURJHQHRXV QRGH 7KH SURSRVHG PRGHO
SURYLGHV WKH IRXQGDWLRQ IRU IXWXUH H[SORUDWLRQ RI WKH XVH RI VHPDQWLF WHFKQRORJLHV LQ UHSUHVHQWLQJPRUHZLUHOHVV
WUDQVPLVVLRQ WHFKQRORJLHV VXFKDVDQGEOXWRRWK  WRVXSSRUWQRGHVZLWK OLPLWHG UHVRXUFHVDQGGHYHORSLQJ
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VPDUWDQGVHOIFRQILJXUHGQHWZRUNDSSOLFDWLRQIRUWKHQH[WJHQHUDWLRQQHWZRUNV7KHSURSRVHGIUDPHZRUNIDFLOLWDWHV
WKHSURFHVVRIDGGLQJQHZVHUYLFHVWRWKHQHWZRUNDQGXWLOLVLQJFURVVOD\HULQIRUPDWLRQIURPWKHNQRZOHGJHEDVH
$FNQRZOHGJPHQW
7KHILUVWDXWKRUZLVKHVWRWKDQNWKH+LJKHU&RPPLWWHHRI(GXFDWLRQGHYHORSPHQW+&('LQ,UDTIRUWKHJUDQWHQDEOLQJWKHFRPSOHWLRQRIWKLV
UHVHDUFK
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